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The search for a method for synthesising polymers possessing improved physicochemical properties is an important problem in the chemistry of high molecular weight compounds. In particular, such a property is the increased heat resistance characteristic of polyorganosiloxanes of regular structure with a ladder and spirocyclic structure of molecules (ref. 1 ). An important method for producing such macromolecules is the synthesis of polyfunctional spiroladder oligosiloxanes as initial compounds for subsequent conversion into polyorganosiloxanes of prescribed structure. That is, increase in the molecular weight of the polymer in this case occurs in stages as a result of the block "assembly" of peculiar "brick" oligomers, which ultimately ensures regularity and low defectiveness of the structure. At the same time, it was assumed that the introduction into the oligomer chain of an element other than silicon would make it possible to produce new polymers with a spiroladder structure. In the present work we selected tin -an element whose electronegativity is similar to that of silicon.
Thus, it was of interest to synthesise polymers containing both a ladder and a spirocyclic structure. The synthesis included two stages: at the first stage, the production of polycyclic oligosiloxanes having a rigid attachment to tin; and at the second stage, the synthesis of spiroladder polysiloxanes from the oligomers already produced.
In the work, oligophenylsiloxane stannoxanes (OPSSs) were produced for the first time by heterofunctional condensation of tetrahydroxytetraphenylcyclotetrasiloxane (tetrol) (ref.
2) with stannic chloride with a molar ratio of 2:1 in the presence of a hydrogen chloride acceptor by the scheme shown (Scheme 1). In order to select the optimum reaction conditions, a series of experiments was carried out using urea, triethylamine, and pyridine as the HCl acceptor. The optimum results were obtained using urea ( Table 1) .
Triethylamine and pyridine promoted the formation of OPSS with a broader molecular weight distribution (MWD) according to gel permeation chromatography (GPC) (ref. In the IR spectrum of OPSS, compared with the spectrum of tetrol, there are new absorption bands: 720 cm -1 (vibrations of the Sn-O bond); 980 cm -1 (vibrations of the Si-O bond in the Si-O-Sn group); 1020 cm -1 (Si-OSn group).
Thus, analytical data confirm the composition and structure of OPSS.
The second stage, the thermal polycondensation of OPSS, was carried out under operating conditions (ref. 4) . Schematically, the process can be presented as in Scheme 2.
Scheme 2
Polycondensation was monitored from the increase in M n of the polyphenylsiloxane stannoxane (PPSS) (according to HPC) and the content of OH groups in it (ref. 3) (Figure 1) ; PPSSs are colourless substances with an amorphous structure, M n = 2000-4000 (n = 2-4), and good solubility in aromatic hydrocarbons.
In In development of our research in the present work, the thermo-oxidative stability of PPSSs was tested by thermogravimetric analysis in air. The results are presented in Table 2 , which for comparison also gives data on the thermo-oxidative stability of known heat-resistant polymers of similar composition: ladder polyphenylsiloxane (PPS) of the general formula Thus, PPSSs are superior in thermo-oxidative stability under conditions of high temperatures (over 500°C) to known PPS and PPST. This can be attributed to the introduction into the ladder structure of the polymer of stabilising stannoxane spiro groups with their rigid attachment in the ladder siloxane chain.
